Abstract. While mobile learning has become increasingly popular and has received growing research interest, there appears to be insufficient emprical evidence from rigorous experimental research that supports its effectiveness on learning. This study addressed this issue by conducting a randomized experiment to investigate the impact of mobile learning on students' academic performance and learning attitude. The results revealed that mobile learning can produce similar learning results as traditional classroom insruction, but students had mixed attitude towards different aspects of mobile learning. The research findings contribute to the scholarship of mobile learning and can inform the design and evluation of mobile-based educational interventions.
Introduction
According to the 2017 Horizon Report from New Media Consortium (NMC), the increasing popularity of mobile devices such as mobile phones and tablet computers are quietly changing the learning habit and learning environment of students, and mobile learning will become a common paradigm of education in the next 1-2 years. The advantages of mobile learning include ease of operation, flexibility of usage, and immediacy of information acquisition. Mobile applications, with their increasing functionality, can support the design and implementation of diverse learning activities in various settings [1] . Therefore, many studies started to explore the potential of mobile technology for promoting innovative teaching practice in the higher education context. While many cases of mobile learning design and implementation were reported in the literature with theoretical discussions and technical specifications [2] , there seems to be inadequate empirical evidence supporting the effects of those mobile learning cases from rigorous experimental research design.
To address this research need, this study designed a micro-learning mode that employed WeChat, a popular mobile application in China, to deliver instructional content and conduct learning activities. Randomized controlled trial was conducted to examine the effects of the proposed mobile learning intervention, with the treatment group receiving instruction through the micro-learning mode and the control group receiving instruction from traditional classroom. More specifically, the following two questions guided our research inquiry: 1. Compared to traditional classroom, does the micro-learning mode lead to better academic performance from the students? 2. Compared to traditional classroom, does the micro-learning mode induce more positive learning attitude from the students?
Literature Review

Mobile Learning
Mobile learning is the term used to describe the use of mobile devices as tools in the learning process. It can be considered as a form of e-learning as instructional content are delivered to learners digitally and learning activities take place over the internet [3] . However, the advancement of mobile technologies has made mobile devices faster and more powerful, making them the first choice over desktop and laptop when accessing instructional content online. Furthermore, research has shown that mobile devices can support effective learning both inside and outside of the classroom [4] , as learners can use mobile devices to obtain information and interact with others [5] . The literature has attributed the benefits of mobile learning to the technological features of mobile devices such as portability, immediacy, connectivity, ubiquity and adaptability [6] . Those features enable peer collaboration, knowledge acquisition, information searching, and improved enhanced teacher-student interaction. Moreover, mobile learning allows access to instructional content anytime and anywhere, thus has been recognized as one of the most influential innovation for education [7] .
Micro-Learning
While there is no universal definition for the concept of micro-learning in academia, many scholars have discussed the theoretical underpinning and practical implication of this concept in the literature. Lindner defines micro-learning as a new type of learning method based on micro-content and micro-media in the new media ecosystem [8] . Gabriell believes that the realization of micro-learning benefits from chunking of content and the advancement of ICT, and thus learning can occur without the restraint of time and space [9] . Micro-learning is characterized by the small amount of knowledge that constitutes a learning module, and learning modules can be easily acquired, stored, organized and circulated through mobile devices. Since complex knowledge is chunked into individual learning modules, it can facilitate comprehension and can provide learners with a convenient, customized, and pleasant learning experience [10] . In summary, micro-learning can be considered as a form of modular and fragmented learning approach, it is different from traditional classroom instruction since it is not limited by time, space, content format, and teaching conditions. It can be accessed by massive number of learners and can meet the growing need of people to study anytime and anywhere in modern times.
Micro-Learning Mode Enabled by WeChat
This study implemented the micro-learning mode in an undergraduate course named Theories of Teaching and Learning. The instructional content is about the topic of learning motivation. The learning resources are developed by the course instructor, mainly in the form of videos, audios, images, and text. As shown in Fig. 1 , the introduction video is about 3 minutes in length, featuring the course instructor describing the learning objectives and expectation for the modular topic. In addition, the teacher also used the audio recordings extensively to explicate the text content and give examples to help students better understand the key concepts and theories. The images and charts were used to present information in a more visual and organized way, facilitating memorization and comprehension for the students. Text content is still the most common instructional format in the micro-learning mode as it allows for faster information processing and requires little bandwidth to transfer. The teacher then integrated these resources into WeChat messages and sent them to each learner's mobile phones via WeChat public platform. In this way, the students in the micro-learning mode can have greater control over their learning process as they can choose when, where, and what to study, and navigate the instructional content freely by their own choice. 
Method Participants
The participants were from Central China Normal University. There were 46 sophomore students aged between 18 and 22. There were 16 male students and 30 female students. All students were from the major of educational technology and this is the first time that they studied this course.
Instruments
The main research instruments in this study were test and questionnaire. The test was developed by two experienced teachers to assess students' comprehension of the instructional topic -learning motivation. The test had a perfect score of 100 and consisted of 20 objective items (multiple choice and True or False questions) and 2 subjective items (analysis and problem solving). The objective items aimed to assess students' learning recall and comprehension, and the subjective items examined students' higher-order thinking and knowledge transfer. The questionnaire included a total of 37 questions, with 30 five-point Likert scale items. In addition to collect students' personal information such as age, gender, prior GPA, the questionnaire assessed students' attitude towards the two modes of instruction in terms of content presentation, learner control, appeal, social interaction and cognitive development. For the experiment group, 6 additional questions were introduced to have students rate the features of WeChat public platform including abundance of content, ease of use, attractiveness, autonomy, flexibility, and interactivity.
Experiment procedure
The participants were randomly assigned to two groups, with 23 students in each group. Both the experiment group and the control group received the same instructional content, the only difference lies in the mode of instruction: The experiment group received the micro-learning via the mobile application of WeChat, and the control group received the traditional classroom instruction. Both groups took the test and completed the questionnaire one week after the instruction.
Results
Analysis of Learning Performance
As shown in Table 1 , the average total scores for the experiment group and control group were 79.22 and 79.52 respectively, yielding no significant difference in the overall test performance (p = 0.902 > 0.05). The mean differences in objective scores and subjective scores were slightly larger, as students in experiment group appeared to perform a little better with subjective test items (X difference = 1.57) but slightly worse with objective test items (X difference = -1.87). However, these mean differences were not statistically significant either. However, it is interesting to note that the standard deviation was higher in the test scores of experiment group, indicating that students' learning performance tended to vary to a greater extent in the WeChat-based micro-learning mode. 
Analysis of Learning Attitude
Based on the questionnaire data, this study employed the Friedman Test to compare students' attitude towards the micro-learning mode and the traditional learning mode. As shown in Table 2 , the micro-learning mode received higher ratings on 11 questionnaire items (Item 1, 2, 4, 5, 6, 7, 8, 9, 13, 14, and 16), but only one item (Item 14) reported difference at the significance level of 0.1, and only one item (Item 2) reported difference at the significant level of 0.05. The results suggested that micro-learning mode was superior in terms of content organization and promoting independent thinking. However, it is interesting to note that the micro-learning mode received significantly lower rating on three items (Item 3, 10, and 12), indicating students preferred the traditional mode of instruction for reasons such as more diverse presentation and increased interaction with the instructor and the peers. 
Conclusions and Discussion
The results of this study revealed several interesting findings regarding mobile learning. First, the empirical evidence rejects the notion that mobile learning can result in superior academic performance as no significant difference was found in the test results. However, such finding also proves that mobile learning qualifies as an alternative to traditional classroom instruction, yielding similar learning results. Nonetheless, it is interesting to note that the standard deviation of the test scores was much larger for the experiment group, indicating this specific learning context might not be suitable for everyone. While some students might enjoy studying at their own pace on mobile devices, others might suffer from lack of instructor facilitation. Moreover, there are mixed findings regarding students' attitudes towards mobile learning. While mobile learning seemed to enhance content organization and independent thinking, the lack of interaction and communication with the instructor and the peers was the major complaint from mobile learners. Thus, how to utilize the affordances of mobile technologies to achieve innovative and effective interactive mechanism in mobile learning is an issue deserving future investigation. Another direction of future research is to further investigate the factors that influence students' academic performance and learning attitude in the mobile learning context.
